An Enhanced N-Pattern Hybrid Technique for Medical Images in Telemedicine  by Vincent, Christy Sumitha & Janet J., 
 Procedia Computer Science  79 ( 2016 )  305 – 313 
Available online at www.sciencedirect.com
1877-0509 © 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the Organizing Committee of ICCCV 2016
doi: 10.1016/j.procs.2016.03.040 
ScienceDirect
7th International Conference on Communication, Computing and Virtualization 2016 
An Enhanced N-Pattern Hybrid Technique for Medical Images in 
Telemedicine 
Christy Sumitha Vincenta,*, Janet Jb 
aResearch scholar, Manonmaniam Sundaranar University, Tirunelveli, India 
bProfessor and Head,  Department of  CSE & IT, Sri Venkateswara College of Engineering and Technology, Chittoor, India   
Abstract 
In the last couple of years, the communication technology has rapidly revolutionized the human society, whose benefits are not 
homogeneously felt by the nations. There are still network coverage problems in the under developed and developing nations. 
This scarcity of the bandwidth obviously hinders telemedicine technologies benefits being available to the major population of 
the society. So, the data compression will be of great support to overcome the bandwidth limitations. Hence, an effective hybrid 
compression technique has been introduced for the medical images in telemedicine. In this method, the considered medical image 
is being segmented into two parts namely, Region of Interest (ROI) and Non-Region of Interest (Non-ROI). The ROI are 
compressed using the lossless “Enhanced N-Pattern Huffman” compression algorithm. The Non-ROI is compressed using the 
lossy “JPEG” compression algorithm. This combined method improves the space saving that enhances effective transmission of 
the compressed data even in the scarce bandwidth network coverage areas and at the same time maintaining the quality of the 
relevant diagnostic information.  
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1. Introduction 
Various image compression techniques have emerged with a focus to reduce the size of the medical images in the 
telemedicine field, which brings the service of the hospitals and doctors to the remotely situated patients where the 
medical facility is rare or almost absent. A ROI based compression technique has been introduced, which helps to 
reduce the size of the image without degrading the quality of the important data1. A lossless 3D compression scheme 
for medical image delivery has been proposed2, where, the algorithm is based on Predication by Partial Matching 
(PPM) in combination with 3D JPEG-4 compression. A hybrid algorithm has been depicted, that applies the discrete 
cosine transform on the discrete wavelet transform coefficients which achieves higher compression ratio with the 
preservation of the critical data information during reconstruction3. A region based lossless compression algorithm 
has been presented to improve the compression ratio and quality of the reconstructed image4. A distinctive hybrid 
compression scheme has been proposed5, in which the image is segmented into ROI and Non-ROI. The ROI is 
compressed using lossless four pattern Huffman compression and the Non-ROI is compressed using lossy baseline 
JPEG compression. A novel N-Pattern compression technique that has been influenced by the Non-repetitive 
patterns along with the flexibility of patterns length and the search criteria has been demonstrated6. Mostly, the 
various transformations and their combinations respectively have contributed to a variety of results. Lot of methods 
demonstrated in the recent years has proved their efficiency in terms of computational speed. It is obvious that the 
computational speed is a relative term, which mostly varies based on the processor and RAM speed of the computer, 
whose capacity keeps increasing. On the contrary, the improvement in attaining good compression is still a 
challenging aspect due to many restrictive factors based on the image quality which should be lossless, especially in 
the medical field. So there is still a potential for improvement in terms of compression. Generally, in medical images 
the important information lies in a very small area compared to non-important area7. So, in this paper, the emphasis 
is on demonstrating the enhancement of the compression ratio through the Hybrid technique which is the 
combination of both lossy and lossless techniques. 
 
Fig. 1. Overview of the proposed enhanced N-pattern technique. 
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Nomenclature 
ROI   Region of Interest  
Non-ROI  Non-Region of Interest  
MSE   Mean Squared Error  
PSNR   Peak Signal-to-Noise Ratio  
PPM   Predication by Partial Matching  
m   real number  
N   number of data  
C   number of clusters  
uij   degree of membership of xi in the cluster j  
xi    ith of the d-dimensional measured data 
cj   d-dimension center of the cluster  
||*||  any norm expressing the similarity between any measured data and the center 
ϵ   Termination criterion between 0 and 1  
k   Iteration steps 
Jm  Local minimum or a saddle point 
f   The matrix data of original image 
g   The matrix data of reconstructed image 
m   The numbers of rows of pixels  
n   The number of columns of pixels 
i,j   Refers to rows and columns index 
MAXf  maximum signal value 
2. Proposed Method 
The goal of the proposed method is to implement an effective hybrid technique to increase the compression ratio 
with good quality in the ROI than the existing system5. The major step is to segment the image into ROI and Non-
ROI, which is achieved through the Fuzzy C-means technique. The ROI is compressed through the proposed 
“Enhanced N-Pattern” technique, where as the Non-ROI is compressed through the JPEG technique whose 
overview is illustrated in Fig. 1. Moreover, the “Enhanced N-Pattern” technique is a lossless compression technique 
which helps in the preservation of the diagnostically critical regions quality.  
2.1. Clustering 
Clustering is a technique of identification and grouping similar objects into different groups. An image usually 
contains a group of pixels that belongs to a specific region and different from other regions8. Among the various 
clustering techniques, Fuzzy C-mean algorithm is most widely used. 
2.1.1. Fuzzy C-Means 
FCM is a method of clustering which allows one piece of data to belong to two or more clusters. This algorithm 
is based on the distance between the various input data points. The clusters are formed according to the distance 
between data points and cluster centers are formed for each cluster. It is based on minimization of the following 
objective function9: 
ܬ௠ ൌ σ σ ݑ௜௝௠ܥ݆ൌͲܰ݅ൌͳ ԡݔ௜ െ ௝ܿฮଶǡ ͳ ൑ ݉ ൏ λ                                    (1) 
Where m is any real number greater than 1, N is the number of data, C is the number of clusters, uij is the degree 
of membership of xi in the cluster j, xi is the ith of the d-dimensional measured data, cj is the d-dimension center of 
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the cluster and ||*|| is any norm expressing the similarity between any measured data and the center. Fuzzy 
partitioning is carried out through an iterative optimization of the objective function shown in equation (1), with the 
update of membership uij and the cluster centers cj by following equation: 
ݑ௜௝ ൌ ଵ
σ ቈቛೣ೔ష಴ೕቛฮೣ೔ష಴ೖฮ቉
మ
೘షభ಴ೖసభ
                                                                                (2) 
 
௝ܿ ൌ σ ௨೔ೕ
೘ή௫೔೔ಿసభ
σ ௨೔ೕ೘೔ಿసభ
                                                          (3) 
 
This iteration will stop when ݉ܽݔ௜௝ ቄቚݑ௜௝ሺ௞ାଵሻ െ ݑ௜௝ሺ௞ሻቚቅ ൏ ߳                                                                           (4) 
Where, ϵ is a termination criterion between 0 and 1, whereas k is the iteration steps. This procedure converges to 
a local minimum or a saddle point of Jm. 
2.2.  Segmentation  
Image segmentation is one of the most important processes of partitioning an image  into parts or regions, which 
are mostly based on the pixels characteristics. The main goal of segmentation is to simplify the representation of an 
image into some meaningful part for analyzing the image and locating the objects boundaries4.The following steps 
are used to detect the ROI. 
Step 1: Read the medical image as input to the system. 
Step 2: Apply the Fuzzy C-Means technique to obtain the optimal threshold value and segment the binary image. 
Step 3: Utilize the Canny edge operator to detect the edges of the  ROI. 
Step 4: Apply the Morphological dilation operator to fill the gaps in the ROI. 
Step 5: Utilize the Morphological erosion operator to smoothen the edges of the ROI. 
Step 6: Extract the ROI and the Non-ROI from the binary image, whose gray levels are 1’s and 0’s respectively.    
The extracted ROI and the Non-ROI are given as an input to the Hybrid compression techniques. 
3. Compression 
It can be defined as the technique of reducing the amount of storage space that is required to store a given amount 
of data. It enables to save storage space, bandwidth, cost and time required to transmit the data from one place to the 
other. Lossy and lossless are the major categories of compression techniques. In the case of lossless, the original and 
the decompressed images are identical bit per bit. Comparatively in the case of lossy, the images are not identical. In 
the medical field, lossless compression is highly recommended10. 
3.1.  Enhanced N-pattern Technique 
The main objective of the proposed method is to detect the various patterns of the intensities and to classify  them 
based on the criteria’s of length, repetitiveness, non-repetitiveness and their combinations based on which the 
optimized results are sent to the encoder for the further compression. It is based on the Huffman compression, which 
is a statistical coding technique. It is also known as “prefix-free-code”, which means they can be correctly decoded 
despite being of variable length. Symbols with higher frequencies get shorter code words than symbols that occur 
less frequently. The Huffman code is designed by merging the two symbols with the lowest frequencies and this 
process is repeated until the only two probabilities of two compound symbols are left and thus the Huffman code 
tree is constructed. Finally, label each of the branches in the constructed tree with 0’s and 1’s11. 
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Fig. 2. Grouping of the repetitive and the non-repetitive patterns. 
The major steps to detect and classify the patterns based on their intensity values are given below. 
Step 1: Group the patterns as the repetitive (identical) and the non-repetitive (non-identical) based on their 
intensities and store their frequencies of occurrences as shown in Fig. 2. 
Step 2: Remove the redundant patterns and then sort in the descending order based on their count of occurrences. 
Step 3: Trace the optimal patterns that have their highest counts of occurrences. 
Step 4: Generate the sub-patterns of minimum length 2, from the corresponding optimal patterns. 
Step 5: Explore the original image for the optimal patterns, sub-patterns and store their positional information.  
Step 6: Optimize the image data by removing all the optimal patterns and their corresponding sub-patterns. 
Step 7: Apply the Huffman encoder to the optimized image data and send the resultant to the decoder. 
Step 8: Reconstruct the original image by re-inserting the optimal patterns and their corresponding sub-patterns 
to the decoder’s output. 
Step 9: Analyze the quality of the reconstructed image using the standard metrics. 
3.2. JPEG Compression 
The Non-ROI can be compressed using any of the lossy compression techniques. Here a lossy JPEG algorithm is 
used which is based on the discrete cosine transform. Although it is a lossy compression technique, it yields an 
excellent quality image with the high compression ratio5. The basic steps involved in the JPEG compression are 
given below. 
Step 1: Segregate the image into 8x8 blocks. 
Step 2: Apply the Discrete Cosine Transform to the segregated blocks to obtain the frequency domain. 
Step 3: Quantize the resulting values by dividing each co-efficient by an integer value. 
Step 4: Arrange the resulting coefficient in a zigzag order to have them in ascending frequency.  
Step 5: Apply the Huffman coding to the resultant coefficient. 
Step 6: Reconstruct the image by multiplying the resultant coefficients with the quantization table entries to 
produce the approximate DCT coefficients. 
3.3. Hybrid Compression 
In the proposed “Hybrid” technique, the ROI and the Non-ROI that were obtained are being compressed by the 
lossless “Enhanced N-Pattern” technique and the lossy “JPEG compression” respectively. The reconstruction of the 
310   Christy Sumitha Vincent and J. Janet /  Procedia Computer Science  79 ( 2016 )  305 – 313 
original image is done by merging both the ROI and Non-ROI, whose quality can be verified using the standard 
metrics. The compression ratio percentage is calculated using the formula12. 
Ψ݋݂ܿ݋݉݌ݎ݁ݏݏ݅݋݊ݎܽݐ݅݋ ൌ ሺሺሺܱݎ݈݅݃݅݊ܽ݂݈݅݁ݏ݅ݖ݁ െ ܥ݋݉݌ݎ݁ݏݏ݁݀݂݈݅݁ݏ݅ݖ݁ሻሻ Τ ሺܱݎ݈݅݃݅݊ܽ݂݈݅݁ݏ݅ݖ݁ሻሻ כ ͳͲͲ (5) 
4. Quality Metrics for Reconstructed Image  
MSE and PSNR are widely used to measure the degree of distortion in the reconstructed image. The following 
equations are used to calculate MSE and PSNR6: 
ܯܵܧ ൌ ଵ௠௡σ σ ԡ݂ሺ݅ǡ ݆ሻ െ ݃ሺ݅ǡ ݆ሻԡଶ௡ିଵ଴௠ିଵ଴                   (6) 
Where, 
f - The matrix data of original image 
g - The matrix data of reconstructed image 
m - The numbers of rows of pixels  
n - The number of columns of pixels 
i,j - Refers to rows and columns index 
ܴܲܵܰ ൌ ʹͲଵ଴ሺܯܣ ௙ܺȀξܯܵܧሻ                                                            (7) 
Where, MAXf is the maximum signal value that exists in the original image. 
5. Experimental Results and Analysis 
The Hybrid technique has been implemented on 15 abdominal MRI images, out of which 5 samples results are 
discussed below. The Fig. 3 shows the effect of the Hybrid compression technique. It could be noted that the 
original image occupies 708400 bytes. The Huffman technique reduces the image to 279995 bytes. The Hybrid 
compression technique still reduces the image size to 189899 bytes, which shows an almost 90096 bytes difference 
with respect to the Huffman technique which is significantly important. Further, the Hybrid method was analyzed 
based on the fixed length patterns with the fixed frequencies.  In Table 1, the MRI image is tested for a fixed length 
pattern of n=10 with the fixed frequency of 10. The compression ratio achieved by the Hybrid technique is either 
less or almost equal to the “Enhanced N-pattern” technique. Furthermore, the analysis is made for a fixed length 
patterns of n=5 with their maximum occurrences, which as observed in all the considered images, the Enhanced N-
Pattern technique has patterns  greater than 500, whose results are shown in Fig. 4. 
 
Fig. 3. Effect of Huffman and Hybrid technique. 
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Table 1. Compression results for the fixed length pattern with the fixed frequencies. 
Sample Techniques Pattern Length(n) No. of  Patterns of Length(n) Compression Percentage (%) 
Image1 Hybrid 
Enhanced N-Pattern 
10 10 70 
72 
Image2 Hybrid 
Enhanced N-Pattern 
10 10 71 
73 
Image3 Hybrid 
Enhanced N-Pattern 
10 10 71 
71 
Image4 Hybrid 
Enhanced N-Pattern 
10 10 71 
70 
Image5 Hybrid 
Enhanced N-Pattern 
10 10 71 
71 
 
Fig. 4. Maximum appearance of five length patterns. 
 
Fig. 5. Compression results for the pattern length n=5 with their maximum appearances. 
As illustrated in Fig. 5, the percentage of compression ratio achieved by the pure “Enhanced N-pattern” 
technique is higher than the Hybrid and the Huffman techniques. The reason for this performance is attributed to the 
maximum appearance of the patterns of length n = 5. It has been proved in the “N-pattern” technique that the 
improvement in the compression ratio is purely dependent on the frequencies of the occurring patterns6. The reason 
for the low performance of the Hybrid technique is attributed to the less appearance of the patterns in the ROI. A 
model output of the Hybrid technique for an Image is shown in Fig. 6 where the graphical user interface gives the 
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flexibility to analyze various images with the various parameters of interest. 
 
Fig. 6. Hybrid technique  
The standard metric of the PSNR values for the images are being depicted in the Fig. 7. Higher PSNR values 
indicate the greater image similarity to its original image13.  
 
 
Fig. 7. PSNR values for the considered images. 
The PSNR values for the considered images are between 44 to 45db. If the value of the PSNR is higher than 
30db, it is hard to distinguish the distortion by human eyes14. On the contrary, a lower PSNR value indicates the 
lower image similarity.  
6. Conclusion 
In the existing “4-Pattern Huffman Hybrid” technique, the ROI is compressed using the lossless “4-Pattern 
Huffman” compression algorithm, which has its own limitations of pattern length, number of patterns to be searched 
but still providing a compression improvement of 9-10 percentage over the Huffman has been depicted5. 
Comparatively, the proposed “Hybrid” technique improves the compression ratio by 11-12 percentages over the 
Huffman. Furthermore, the proposed lossless “Enhanced N-Pattern“ technique with the combined effect of both the 
repetitive and the non-repetitive patterns, achieves an improvement of compression ratio by 3-6 percentage over the 
“N-Pattern” technique6, 17-20 percentage over the Huffman and 6-8 percentage over the Hybrid techniques 
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respectively. The results suggest that the “Enhanced N-Pattern” technique is superior to the “Hybrid” technique. But 
still, the proposed “Hybrid“ technique method supported by the “Enhanced N-Pattern“ technique gives better 
compression than the Huffman and the existing “4-Pattern Huffman Hybrid” technique. So the methods give 
flexibility with the provision to serve based on the demand and the bandwidth resource availability. If the bandwidth 
is sparse, then the “Enhanced N-Pattern” technique is advantageous because of its higher lossless compression ratio 
which will enable the faster data transmission and support for the better diagnosis. If the bandwidth is not sparse, 
then the Hybrid technique could be opted for, but with the limitation that it is partially a lossy compression. The 
future work can be extended with a system that periodically self-evaluates the bandwidth and proactively decides 
about the compression technique, parameters to serve customers optimally based on the demand and the availability 
of the corresponding resources in combination with the possible emerging technologies. 
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